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Clinical utility of aortic isthmus Doppler in the
prediction of perinatal outcomes

Akhila Vasudeva, MD, MRCOG, DNB; Roopa Padavagodu Shivananda, MS, MRCOG;
Disha Shree Belathur Shashidar, MBBS; Anjali Mundkur, MS; Jyothi Samanth, MSc; Nivedita Hegde, MS;
Pratap Kumar Narayan, MD
BACKGROUND: Doppler studies of uteroplacental−fetal circulation have been proven useful in diagnosing fetal growth restriction, appropri-
ately timing delivery, and improving perinatal morbidity and mortality. There has been an extensive search for the ideal means to identify fetuses
between the compensatory and acidemic phase (ie, the “preacidemic phase”), and the aortic isthmus Doppler seems to show promise.
OBJECTIVE: This study aimed to investigate: (1) the prevalence of abnormal aortic isthmus Dopplers in a cohort of small-for-gestational-age
fetuses and their correlation with other conventional Doppler abnormalities, and (2) the predictive ability of abnormal aortic isthmus Dopplers with
regard to short-term adverse neonatal outcomes.
STUDY DESIGN: Fetuses diagnosed as small-for-gestational-age at ≥24 weeks’ gestation were included. Management was as per the
standard protocol. Aortic isthmus Doppler was performed within a week of delivery with other conventional Dopplers. The adverse perinatal out-
comes studied were: requirement of neonatal resuscitation at birth, Apgar score at 5 minutes <7, cord blood pH <7, presence of bronchopulmo-
nary dysplasia, hypoxic-ischemic encephalopathy, grade III/IV intraventricular hemorrhage, necrotizing enterocolitis, sepsis, neonatal intensive
care unit stay longer than 14 days, and stillbirth or neonatal death.
RESULTS: Among 121 small-for-gestational-age fetuses, 67 showed Doppler abnormalities in ≥1 vessels. The prevalence of abnormal aortic
isthmus Doppler was 14.87%. Analysis was between group 1 with 103 normal aortic isthmus and group 2 with 18 abnormal aortic isthmus
fetuses; 41 cases had some form of adverse perinatal outcome, the frequency of which was comparable between the groups. Abnormal aortic
isthmus Doppler had a significant correlation with low cerebroplacental ratio, absent or reversed end-diastolic flow in the umbilical artery, and
high pulsatility index in the ductus venosus. The positive likelihood ratio for predicting composite adverse perinatal outcome was 10.2 for absent
or reversed end-diastolic flow in the umbilical artery, 9.6 for low cerebroplacental ratio, 2.28 for absent or retrograde flow in the aortic isthmus,
and 2 for abnormal ductus venosus.
CONCLUSION: Predelivery abnormal aortic isthmus Dopplers performed worse than other conventional Dopplers in predicting abnormal peri-
natal outcomes.
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Introduction
A proportion of small-for-gestational-
age (SGA) fetuses are categorized as
cases of fetal growth restriction (FGR).1

Doppler studies of uteroplacental−fetal
circulation have been proven useful in
diagnosing FGR, appropriately timing
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the delivery, and improving perinatal
morbidity and mortality.1 However, the
prediction of perinatal outcomes in
SGA/FGR fetuses is still far from ideal.

Since the 1990s, there has been an
extensive search for the ideal means to
identify fetuses between the compensatory
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and acidemic phase (the “preacidemic
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owing to extreme prematurity with the
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bidity and mortality, and improve perina-
tal outcomes.2−7 In this regard, evaluation
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Why was this study conducted?
The study was conducted to evaluate the clinical utility of the aortic isthmus
(AoI) in predicting perinatal outcome compared with other conventionally per-
formed Doppler parameters. We also aimed to study the correlation of abnormal
AoI Dopplers with other conventional Doppler abnormalities

Key findings
Predelivery abnormal AoI Dopplers performed worse than other conventional
Dopplers in predicting abnormal perinatal outcomes.

What does this add to what is known?
Cerebral redistribution and absent or reversed end-diastolic flow in the umbilical
artery are easily diagnosed, common, and have a good predictive value for
adverse perinatal outcomes. Performing a technically challenging AoI Doppler
may not add clinical benefit to the perinatal management of small-for-gesta-
tional-age fetuses or those with fetal growth restriction.
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of aortic isthmus (AoI) Doppler has
clearly shown some promise.8 However,
decades of research have shown no addi-
tional clinical benefit of using AoI Dopp-
ler to predict perinatal morbidity or to
time the delivery. Therefore, international
recommendations have not mentioned
AoI Dopplers as an essential part of fetal
surveillance in SGA fetuses.1 Before incor-
porating any new Doppler parameter into
surveillance pathways, it is important to
establish how well it performs in predict-
ing adverse perinatal outcomes relative to
already existing, widely used Doppler
parameters. Once this is established in
observational studies, larger interventional
studies would be needed to know when to
use the new Doppler parameter as a
threshold for delivery.

Objective
We performed AoI Doppler examina-
tions of SGA fetuses close to delivery to
compare clinical utility in predicting
perinatal outcomes between AoI Dopp-
ler and other conventionally performed
Doppler parameters. We also aimed to
study the correlation of abnormal AoI
Dopplers with other conventional
Doppler abnormalities.

Materials and Methods
Study design and setting
This prospective observational cohort
study was performed in a tertiary-care
center from August 2017 to July 2019.
2 AJOG Global Reports November 2022
Participants
Individuals with singleton pregnancies
were invited to participate at ≥24 weeks’
gestation when ultrasound-estimated
fetal weight and/or abdominal circum-
ference were <10th percentile for gesta-
tional age (GA), leading to the diagnosis
of an SGA fetus. GA was determined
using menstrual dating or first-trimester
crown−rump length when menstrual
dating was not appropriate. Multiple
pregnancies and fetuses with known
structural, chromosomal, or genetic
abnormalities were excluded from the
study.

The demographic profile and baseline
pregnancy data were noted. The GE
Voluson P8 and E8 ultrasound
machines (GE Healthcare, Chicago, IL)
with a curvilinear probe of 2 to 6 MHz
were used for sonographic examination.
All Doppler studies were performed by
a single trained fetal medicine consul-
tant (A.V.). When fetuses were diag-
nosed as SGA, amniotic fluid index,
biophysical profile, and multivessel
Doppler studies were performed. Dopp-
ler measurements were done in the
absence of fetal movement or fetal
breathing movement, with the mother’s
minimal respiratory effort. When the
insonation angle was as close to 0
degrees as possible, the measurements
were taken and 3 consecutive wave-
forms were used for analysis. The
Doppler studies included the umbilical
artery (UA) pulsatility index (PI) and
end-diastolic flow, middle cerebral
artery (MCA) PI, cerebroplacental ratio
(CPR), ductus venosus (DV) PI/A-wave
analysis, and the AoI Doppler wave-
forms. All the Doppler studies were
stored for offline analysis.
Standard protocols were followed to

capture and analyze the umbilical, MCA,
and DV waveforms.9 AoI Doppler was
measured using the longitudinal aortic
arch view or the 3-vessel trachea view by
the standard technique described.2 The
position of the fetus decided the view
that could be most practically obtained
in a given fetus.2 The ease of assessment
was also determined on the basis of the
time needed to obtain a satisfactory
waveform in the chosen view. We noted
multiple parameters such as peak systolic
velocity, end-diastolic velocity, time-
averaged maximum velocity, resistance
index, and isthmic flow index in the AoI.
However, during analysis we chose the
PI and direction of flow in diastole
because they were the most studied
parameters in published literature, and
the simplest for potential clinical use.10

AoI PI is a continuous variable known to
have a positive linear correlation with
GA.10−12 Complex Doppler indices other
than PI may help identify subtle or ear-
lier changes in hemodynamics, whereas
absent or retrograde flow during diastole
suggests the possibility of cerebral hyp-
oxia in a more compromised fetus.7 We
decided to include a high PI (>95th cen-
tile) in abnormal AoI Doppler to mark
the onset of altered hemodynamics,
which may help predict perinatal out-
comes and optimal timing of delivery.13
−15

Two Doppler recordings, one at diag-
nosis and the other a week before deliv-
ery, were noted to identify Doppler
parameters’ progression. The Doppler
parameters within a week before deliv-
ery were considered for analysis. Dopp-
ler waveforms were considered
abnormal when UA PI was >95th cen-
tile or had an absent or reversed end-
diastolic flow (A/REDF), MCA PI <5th
centile, CPR <1, DV PI >95th centile,
or an absent or reversed A-wave, and
AoI PI >95th centile or an absent or ret-
rograde flow if observed during diastole.

http://www.ajog.org
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Patients were divided into 2 groups
based on the last AoI Doppler: group 1
with normal AoI Doppler (PI <95th
centile) and group 2 with abnormal AoI
Doppler. Group 2 included: (1) cases
with antegrade flow (AoI PI ≥95th cen-
tile) but positive end-diastolic flow, and
(2) cases with absent end-diastolic flow
or retrograde diastolic flow in AoI. A
similar qualitative definition of abnor-
mal AoI has been used earlier by
researchers,16 to which we have
included PI >95th centile. Although the
obstetrician managing the pregnancy
was informed if AoI waveform showed
predominantly retrograde flow in dias-
tole at ≥32 weeks, the decision for deliv-
ery was taken by the treating
obstetrician as per the standard protocol
because this was an observational study,
considering the overall clinical picture
and GA, maternal condition, Dopplers,
and biophysical profile, and not AoI
Dopplers.
Study size
This was a time-bound study, and cases
with SGA fetuses from 2017 to 2019
were selected.
Outcome measures
Primary perinatal outcomes studied
were the requirement of neonatal resus-
citation at birth, Apgar score at 5
minutes <7, cord blood pH <7.0,17

presence of bronchopulmonary dyspla-
sia, hypoxic-ischemic encephalopathy,
FIGURE 1
Recruitment of study population

AoI, aortic isthmus; LSCD, lower-segment cesarean delivery.
Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obs
grade III/IV intraventricular hemor-
rhage, necrotizing enterocolitis, sepsis,
neonatal intensive care unit (NICU)
stay longer than 14 days, and stillbirth
or neonatal mortality. The presence of
any of the above was considered as an
adverse perinatal outcome. Mode of
delivery and neonatal birthweight
(along with their centiles plotted against
local reference values for GA) were also
obtained.
Statistical analyses
Doppler variables and perinatal outcome
parameters in normal and abnormal AoI
Doppler groups were analyzed using an
independent t-test and a chi-square test.
The role of AoI Doppler and other
abnormal Doppler parameters in pre-
dicting adverse perinatal outcomes was
evaluated by calculating sensitivity, spec-
ificity, positive and negative predictive
values, and likelihood ratios (LRs). SPSS
for Windows, Version 15.0 (SPSS Inc,
Chicago, IL) was used for statistical anal-
ysis. Receiver operating characteristic
(ROC) curve analysis was performed for
the prediction of adverse perinatal out-
comes using quantitative variables. Sta-
tistical significance was assumed as a P
value <.05.
Ethical approval
Institutional ethical committee approval
was obtained (IEC: 459/2017), and writ-
ten informed consent was taken from
the participants before enrollment.
tet Gynecol Glob Rep 2022.
Results
The recruitment of the study population
is shown in Figure 1. Ultimately, a total
of 121 SGA fetuses were recruited for
AoI+ multivessel Doppler within a
week before delivery and followed up
until the perinatal period. Figure 2
describes the number of SGA fetuses
showing various Doppler abnormalities.
Among 121 SGA fetuses, 67 showed
Doppler abnormalities, with many
fetuses showing abnormal Dopplers in
>1 vessel. Although this cohort of SGA
fetuses were predominantly cases of
early-onset SGA (mean GA at diagnosis
of 30−31 weeks), cerebral redistribution
(MCA PI <5th centile and/or CPR <1)
was evident in 54 (44.6%) and UA
Doppler abnormality in 31 (25.61%)
fetuses. Hence, cerebral distribution in
some form seems to be the most com-
mon Doppler abnormality, even among
early-onset FGR fetuses.
AoI waveforms were obtained in 3-

vessel trachea view from 93 (76.85%)
patients, taking an average of 1.17§0.92
minutes, and in longitudinal aortic arch
view from 28 (23.14%) patients, taking
an average of 1.54§1.06 minutes.
Therefore, we found the 3-vessel trachea
view easier to obtain and less time-con-
suming. Published literature suggests no
significant differences between the ref-
erence ranges for these 2 sonographic
views.15,18−20 We could obtain AoI
Doppler waveforms in all fetuses. There
were 103 patients with normal AoI
Doppler (Figure 3, A), belonging to
group 1, and 18 patients with abnormal
AoI Doppler, belonging to group 2. In
group 2, there were 7 fetuses with AoI
PI ≥95th centile but antegrade flow
during diastole (Figure 3, B), 3 fetuses
with absent end-diastolic flow (Figure 3,
C), and 8 fetuses with retrograde flow
during diastole (Figure 3, D). Further
analysis of our data follows these 2
groups because we aimed to know the
significance of abnormal AoI Dopplers
among SGA fetuses.
Table 1 shows the demographic data

and obstetrical profiles of women in the
2 groups. Although GA at recruitment
was similar between the 2 groups,
women in group 2 delivered at an earlier
GA with a lower mean birthweight
November 2022 AJOG Global Reports 3

http://www.ajog.org


FIGURE 2
Distribution of the study population

There was significant overlap of Doppler abnormalities among SGA fetuses, meaning that a single fetus showed >1 Doppler abnormality.
AoI, aortic isthmus; A/REDF, absent or reversed end-diastolic flow; CPR, cerebroplacental ratio; MCA, middle cerebral artery; PI, pulsatility index; SGA, small-for-gestation-age; UA,
umbilical artery.
Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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compared with women in group 1, with
the differences being statistically signifi-
cant (P<.05). More women in group 2
had preeclampsia or gestational hyper-
tension. A higher number of them
required cesarean delivery, but these dif-
ferences were statistically insignificant.
Table 2 shows the adverse perinatal

outcomes in the 2 groups. Among 121
deliveries, 41 cases had some form of
adverse perinatal outcome. However,
none of the adverse outcome parame-
ters were found to be more common in
group 2. These results remained the
same among preacidotic fetuses after
excluding the 10 cases with DV abnor-
mality. Because there were only 8
fetuses with retrograde diastolic flow in
AoI, it was not possible to analyze them
separately to draw any meaningful con-
clusion on perinatal outcome. Hence,
there was no significant association
between abnormal AoI Doppler and
4 AJOG Global Reports November 2022
adverse perinatal outcome in SGA
fetuses in this study.

There were 20 SGA fetuses with only
MCA Doppler abnormality, among
whom 2 had abnormal AoI Doppler,
and we observed that both of these
fetuses had a normal perinatal outcome.

Table 3 shows a significant associa-
tion between abnormal Doppler wave-
forms of AoI and other blood vessels of
fetoplacental circulation. Specifically, in
the abnormal AoI Doppler group, there
was a significantly higher number of
fetuses with A/REDF in the UA, CPR
<1, and DV PI >95th centile.

Table 4 describes how each of the
Doppler abnormalities perform in pre-
dicting composite adverse perinatal out-
comes. It was found that low CPR and
A/REDF UA performed far better, with
positive LRs of 9.6 and 10.26, respec-
tively, as opposed to 1.56 for high PI in
AoI, improving slightly to 2.28 for absent
or retrograde diastolic flow in AoI. In
our study, absent or retrograde flow in
AoI performed nearly as well as absent
or negative A-wave in DV in predicting
adverse perinatal outcomes. Using ROC
analysis (Figure 4), at a cutoff value of
0.5, we plotted ROC curves of abnormal
AOI Doppler, abnormal UA Doppler,
and low CPR to predict adverse perinatal
outcomes. Sensitivity for predicting over-
all adverse perinatal outcome was 63.0%
for abnormal UA, 59.5% for low CPR,
and 51.6% for abnormal AoI Dopplers.
This shows that performing AoI Doppler
for SGA fetuses was not of additional
benefit for predicting adverse perinatal
outcomes in our study.
Table 5 shows that absent flow in the

UA and CPR <5th centile had signifi-
cant area under the curve with adverse
perinatal outcome. Table 6 shows the
logistic regression curve that reiterates
that UA Dopplers performed better.

http://www.ajog.org


FIGURE 3
Aortic Isthmus Doppler waveforms: a) Good diastolic flow b) reduced diastolic flow c) absent diastolic low d)
retrograde diastolic flow

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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FIGURE 3 CONTINUED.
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TABLE 1
Demographic data and obstetrical profiles in normal and abnormal aor-
tic isthmus Doppler groups (N=121)

Parameters
Group 1aNormal AoI
Doppler N =103

Group 2aAbnormal AoI
Doppler N=18 P valueb

Age 28.51§4.09 29.28§3.4 .45

BMI 23.73§3.48 24.36§3.63 .48

Gestation at diagnosis 31.19§3.4 30.4§3.7 .40

Gestation at delivery 35.4§2.8 33.5§3.3 .01

Gestational hypertension 13 (12.6) 4 (22.2) .27

Preeclampsia 06 (5.8) 2 (11.1) .40

Apgar score <7 at 5 min 0 1 (11.1) —
Spontaneous vaginal delivery 14 (13.6) 0 —
Induced vaginal delivery 10 (9.7) 2 (11.1) .85

Cesarean delivery 79 (76.7) 16 (88.9) .24

Birthweight 1961.1§577.1c 1608§715.1c .02
Demographic data were compared using an independent t-test and obstetrical data using a chi-square test.

AoI, aortic isthmus; BMI, body mass index.
a Values shown as mean§standard deviation and as numbers and percentages; b P value <.05 was significant; c Values shown
as mean§standard deviation.

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.

TABLE 2
Adverse perinatal outcomes in normal and abnormal aortic isthmus
Doppler groups (N=121)

Perinatal outcome

Group 1a

Normal AoI
Doppler N=103

Group 2a

Abnormal AoI
Doppler N=18 P valueb

Stillbirth 1 (1) 1 (5.6) .15

Neonatal death 2 (1.9) 1 (5.6) .36

NICU stay >14 d 31(25.6) 6 (33.9) .40

Intraventricular hemorrhage 1 (1) 0 (0) —
Bronchopulmonary dysplasia 0 (0) 0 (0) —
Respiratory distress syndrome 20 (19.4) 4 (22.2) .78

Necrotizing enterocolitis 2 (1.9) 0 (0) —
Sepsis 9 (8.7) 0 (0) —
Need of resuscitation at birth 18 (17.5) 2 (11.1) .50

Cord blood pH <7 0 (0) 1 (5.6) —
Apgar score at 5 min <7 0 (0) 1 (5.6) —
Composite adverse outcome
(any one of the above adverse outcomes)

35 (34) 6 (33.3) —

Perinatal outcome parameters compared using chi-square test.

AoI, aortic isthmus; NICU, neonatal intensive care unit.
a Values shown as numbers and percentages; b P value <.05 was significant.
Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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Discussion
This study attempted to investigate the
clinical utility of AoI Doppler in a
cohort of SGA fetuses, how well it cor-
relates with other Doppler abnormali-
ties, and how well it predicts poor
perinatal outcomes.
AoI is a unique segment of the aorta

just distal to the origin of the left subcla-
vian artery that branches up to the area
where the ductus arteriosus joins the
descending part of the aorta. This area’s
uniqueness is that it reflects the resistance
occurring in the cerebral, systemic, and
placental vasculature.2,3 This watershed
area is being explored to study hemody-
namic alterations in fetal circulation.
Physiologically, only forward flow is

seen in the whole of the cardiac cycle.
In case of FGR when there is very high
resistance in the placental vasculature
and low resistance in cerebral circula-
tion, we can expect a gradual decrease
and absent or reversed diastolic flow
over time, which would also manifest as
a gradual decrease in oxygen saturation
of blood reaching the cerebral
circulation.2,21 AoI PI is shown to be
higher in FGR fetuses and SGA fetuses
with normal UA Doppler near term.22,23

Principal findings
In this cohort of SGA fetuses, evidence of
cerebral redistribution (low CPR and/or
low MCA PI) was the most common
Doppler abnormality observed among 54
(44%) SGA fetuses, followed by UA
abnormality in 31 (25%), abnormal AoI
in 18 (14.8%), and DV abnormality in 10
(8.2%) fetuses. Similar Doppler changes
have been observed in other studies.23 A
large multicenter trial showed that only
5% of SGA fetuses showed abnormal AoI
Doppler, whereas 46% showed abnormal
UA and 27% showed abnormal MCA
Dopplers.24 The sequence of Doppler
abnormality is known to start from the
UA, followed by MCA, AoI, and finally
DV.6,10,14,25−27 A similar progression of
Doppler changes has been demonstrated
by Figueras et al,14 thus proposing AoI PI
as a useful parameter to time the delivery
before severe decompensation. However,
Doppler changes may be skipped, and
unconventional progressions are observed
very often.24 In this study, we analyzed
November 2022 AJOG Global Reports 7
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TABLE 3
Other Doppler parameters in normal and abnormal aortic isthmus Doppler groups (N=121)

Parameters
Group 1aNormal AoI
Doppler (N = 103) n (%)

Group 2aAbnormal AoI
Doppler (N = 18) n (%) P valueb

UA pulsatility index >95th centile 8 (7.7) 3 (16.6) .22

UA absent or reversed end-diastolic velocity 13 (12.6) 7 (38.9) .005

Middle cerebral artery pulsatility index <5th centile 43 (41.7) 11 (61.1) .12

Cerebroplacental ratio <1 27 (26.2) 10 (55.5) .01

Ductus venosus pulsatility index >95th centile 4 (3.8) 4 (22.2) .003

Ductus venosus absent or reversed A-wave 1 (0.97) 1 (5.5) 0.15
Doppler parameters compared using chi-square test.

AoI, aortic isthmus; UA, umbilical artery.
a Values shown as numbers and percentages; b P value <.05 was significant.
Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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the Dopplers before delivery, and thus we
were unable to comment on the progres-
sion pattern in our sample. However, the
prevalence of predelivery Doppler
changes seems to indirectly reflect this
sequential deterioration, except that cere-
bral redistribution was the most common
Doppler change in our SGA cohort.
In our study, fetuses with abnormal

AoI Doppler were significantly more
likely to have A/REDF in the UA, low
CPR, and high DV PI. This association
is well-established in the published
literature.6,28,29 Hemodynamic changes
TABLE 4
Prediction of composite adverse perin

Doppler parameters

AoI pulsatility index ≥95th centile

AoI absent end-diastolic flow or retrograde diasto

Abnormal AoI (high PI or A/REDF)

UA pulsatility index >95th centile

UA absent or reversed end-diastolic velocity

Middle cerebral artery pulsatility index <5th cent

Ductus venosus pulsatility index >95th centile

Ductus venosus absent or reversed A-wave

Cerebroplacental ratio <1
Composite adverse perinatal outcome compared using chi-square

AoI, aortic isthmus; A/REDF, absent or reversed end-diastolic flow
a Values shown as percentages.

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J
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leading to high placental resistance and
low-resistance flow in cerebral circula-
tion are responsible for low CPR and
abnormal AoI Doppler; hence, the asso-
ciation between the two is well-estab-
lished.28,30−32 It is essential to
understand that performing AoI Dopp-
ler requires a much higher level of train-
ing and expertise than performing UA
or MCA Dopplers. Thus, establishing
cerebral redistribution in fetuses is much
easier and more practical in clinical
management protocols compared with
performing technically challenging AoI
atal outcome using individual Doppler

Sensitivitya % Specificitya %
Positive
predictive v

4.8 93.75 28.5

lic flow 14.6 93.75 6.1

19.51 87.5 44.4

7.3 90 27.3

39 96.2 84.2

ile 56.1 61.3 42.6

9.8 95 50

2.4 98.8 50

36.6 96.2 83.3
test.

; PI, pulsatility index; UA, umbilical artery.

Obstet Gynecol Glob Rep 2022.
Doppler. Conversely, Mariola et al could
not demonstrate a significant association
between retrograde flow in AoI and
abnormal flow in other vessels.4 Some
researchers have suggested that changes
in AoI are earlier and more pronounced
than changes in UA.29,30 High PI in UA
is shown to be reflected by some change
in the AoI.33 These findings were not
observed in our study cohort; in fact,
abnormal AoI Doppler was much less
common and not significantly associated
with early Doppler changes such as high
PI in UA and low PI in MCA.
abnormality (n=41)

aluea %
Negative
predictive valuea %

Positive like
lihood ratio %

65.7 0.048

68.1 2.28

67.9 1.56

65.5 0.73

75.5 10.26

73.1 1.44

67.3 1.96

66.4 2.0

74.8 9.6
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FIGURE 4
ROC curves of AoI PI, UA PI, and CPR for prediction of adverse perinatal outcomes. AoI, aortic isthmus; CPR,
cerebroplacental ratio; PI, pulsatility index; ROC, receiver operating characteristic; UA, umbilical artery

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.

TABLE 5
Area under the curve and the P value in the receiver operating charac-
teristic curve for the different Doppler measurements
Parameters Area under the curve P value

MCA PI <5th centile 0.587 .119

High UA PI 0.487 .810

Absent UA 0.658 .004

Reversal UA 0.530 .586

CPR <5th centile 0.656 .005

Abnormal DV 0.524 .669

Abnormal AoI 0.535 .529
AoI, aortic isthmus; CPR, cerebroplacental ratio; DV, ductus venosus; MCA, middle cerebral artery; PI, pulsatility index; UA,
umbilical artery.

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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Our study failed to show an associa-
tion between abnormal AoI Doppler
waveforms and short-term adverse peri-
natal outcomes in a cohort of SGA
fetuses. Published literature is inconclu-
sive on the association between abnor-
mal AoI Doppler and short-term
adverse perinatal outcome among SGA/
FGR fetuses.4−6,27,34−36 In a large multi-
center study (PORTO trial) involving
>1000 FGR fetuses, UA+MCA Dop-
plers remained the most useful tools,
and additional tools, including AoI
Doppler, did not contribute signifi-
cantly in predicting adverse perinatal
outcomes.24 A large proportion of their
sample included cases of late FGR,
whereas the mean period of gestation at
November 2022 AJOG Global Reports 9
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TABLE 6
Multiple logistic regression for the different Doppler measurements
Parameters B value adjusted odds ratio with 95% CI P value

MCA PI <5th centile �0.005 (�0.205 to 0.196) .963

High UA PI 0.032 (�0.257 to 0.321) .826

Absent UA 0.624 (0.327−0.920) .000

Reversal UA 0.514 (0.015−1.012) .043

CPR <5th centile 0.040 (�0.231 to 0.311) .771

Abnormal DV �0.051 (�0.391 to 0.290) .769

Abnormal AoI �0.027 (�0.266 to 0.212) .824
AoI, aortic isthmus; CI, confidence interval; CPR, cerebroplacental ratio; DV, ductus venosus; MCA, middle cerebral artery; PI,
pulsatility index; UA, umbilical artery.

Vasudeva. Clinical utility of aortic isthmus Doppler. Am J Obstet Gynecol Glob Rep 2022.
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diagnosis in our cohort was 30 to 31
weeks.
Conversely, several prospective stud-

ies have shown AoI to be a good predic-
tor of poor perinatal outcomes.6,27,34

The perinatal outcome depends on
many factors, which are interdependent,
thus making it difficult to assess the
impact of an individual predictive
parameter. The single best predictor of
neonatal outcome has been the GA.
Although GA at recruitment was com-
parable in our study, hemodynamic
deterioration was faster in group 2, with
abnormal AoI Dopplers leading to ear-
lier GA at delivery and significantly
lower birthweights. However, in the
studies that showed that AoI Doppler
significantly predicted poor perinatal
outcome, either the sample size was
small,18 sepsis was the only positively
correlated outcome,18 or the GA at
recruitment or delivery (along with
respective birthweights) was vastly dif-
ferent (much lower) in the retrograde
AoI groups, which might have acted as
confounding factor responsible for poor
perinatal outcome.6,27 In these studies,
the most frequent adverse neonatal out-
comes were mainly prolonged NICU
stay and high perinatal mortality owing
to extreme prematurity and very low
birthweight.6 In one of the studies
showing a positive correlation, there
were no FGR fetuses with retrograde
diastolic flow in AoI. The mean GA at
recruitment of FGR fetuses was 36
weeks (wide range of 26−40 weeks),
10 AJOG Global Reports November 2022
and all were delivered at >35 weeks,
which makes it difficult to compare
results between the studies.34 We used
simple parameters in AoI Dopplers,
whereas other researchers have used
technically challenging semiquantitative
methods such as isthmic flow index and
several other grading systems.6,10

Although a positive association has
been demonstrated between abnormal
AoI Doppler and perinatal mortality,
subsequent multivariate analyses37,38

have shown this association to be statis-
tically insignificant when considered
independently. Abnormal cardiac func-
tion and reversal of A-wave in DV have
been shown to predict perinatal mortal-
ity reasonably well in very preterm FGR
fetuses, and the addition of AoI Doppler
was not found beneficial in this
model.37 Our sample size was insuffi-
cient to comment on such association
with perinatal mortality.

With regard to the role of individual
Doppler abnormalities in predicting
adverse outcomes, A/REDF in UA and
low CPR showed the highest positive
LR (close to 10) for the adverse perina-
tal outcome, and were found in 20 and
37 fetuses, respectively. The positive LR
for absent or retrograde diastolic flow in
AoI was 2.28, close to that of abnormal
DV. Thus, in our cohort of SGA fetuses,
low CPR and A/REDF in UA were
more commonly observed, and were
more predictive of adverse perinatal
outcomes than abnormal AoI Doppler.
Despite the lack of conclusive
association between abnormal AoI
Dopplers and poor immediate perinatal
outcomes, retrograde AoI flow patterns
are proven to be predictive of abnormal
brain imaging in neonates and long-
term neurodevelopmental issues in
childhood.18,22 We are yet to follow up
our neonates into their childhood.
Limitations
A small number of fetuses had abnor-
mal AoI Doppler, specifically those with
retrograde diastolic flow. Some of the
critical adverse outcomes occurred
rarely, which hindered comparison
among the groups. We included all
SGA fetuses with or without Doppler
abnormality at recruitment. We did not
study the long-term neurologic out-
comes of these neonates. Finally, our
observational study design did not
incorporate AoI Dopplers into the deci-
sion-making protocols. The delivery
decision was based on the clinician’s
discretion, taking into account the over-
all clinical picture and the multivessel
Doppler parameters. Many fetuses with
absent end-diastolic flow in the UA
were delivered early (at or beyond 30
−32 weeks), resulting in small numbers
with retrograde flow in AoI Doppler.
This observational design has been a
limitation in most of the published liter-
ature with regard to AoI Dopplers.
Research implications and
conclusion
Performing a technically challenging AoI
Doppler examination does not add clinical
benefit to the perinatal management of
SGA and FGR fetuses. A large sample of
fetuses with low CPR, A/REDF in UA,
and normal DV Dopplers would be neces-
sary to evaluate the clinical utility of AoI
Dopplers in preacidotic fetuses. Impor-
tantly, it is essential to have uniform poli-
cies regarding GA at delivery to assess the
clinical utility of AoI Dopplers. &

REFERENCES

1. Lees CC, Stampalija T, Baschat A, et al.
ISUOG Practice Guidelines: diagnosis and
management of small-for-gestational-age fetus
and fetal growth restriction. Ultrasound Obstet
Gynecol 2020;56:298–312.

http://refhub.elsevier.com/S2666-5778(22)00051-X/sbref0001
http://refhub.elsevier.com/S2666-5778(22)00051-X/sbref0001
http://refhub.elsevier.com/S2666-5778(22)00051-X/sbref0001
http://refhub.elsevier.com/S2666-5778(22)00051-X/sbref0001
http://refhub.elsevier.com/S2666-5778(22)00051-X/sbref0001
http://www.ajog.org


ajog.org Original Research
2. Acharya G. Technical aspects of aortic isth-
mus Doppler velocimetry in human fetuses.
Ultrasound Obstet Gynecol 2009;33:628–33.
3. Fouron JC. The unrecognized physiological
and clinical significance of the fetal aortic isth-
mus. Ultrasound Obstet Gynecol 2003;
22:441–7.
4. Ropacka-Lesiak M, �Swider-Musielak J,
W�ojcicka M, Hamid A, Breborowicz GH. Retro-
grade diastolic blood flow in the aortic isthmus
is not a simple marker of abnormal fetal out-
come in pregnancy complicated by IUGR−a
pilot study. Ginekol Pol 2014;85:509–15.
5. Villalaín C, Herraiz I, Quezada MS, et al.
Prognostic value of the aortic isthmus Doppler
assessment on late onset fetal growth restric-
tion. J Perinat Med 2019;47:212–7.
6. Del Río M, Martínez JM, Figueras F, et al.
Doppler assessment of the aortic isthmus and
perinatal outcome in preterm fetuses with
severe intrauterine growth restriction. Ultra-
sound Obstet Gynecol 2008;31:41–7.
7. Kennelly MM, Farah N, Hogan J, Reilly A,
Turner MJ, Stuart B. Longitudinal study of aor-
tic isthmus Doppler in appropriately grown and
small-for-gestational-age fetuses with normal
and abnormal umbilical artery Doppler. Ultra-
sound Obstet Gynecol 2012;39:414–20.
8. Eronen M, Kari A, Pesonen E, Kaaja R,
Wallgren EI, Hallman M. Value of absent or ret-
rograde end-diastolic flow in fetal aorta and
umbilical artery as a predictor of perinatal out-
come in pregnancy-induced hypertension. Acta
Paediatr 1993;82:919–24.
9. Nicolaides, K.H., & Rizzo, G. (2004). Placen-
tal and Fetal Doppler (1st ed.). CRC Press.
https://doi.org/10.1201/9780367804329
10. Ruskamp J, Fouron JC, Gosselin J,
Raboisson MJ, Infante-Rivard C, Proulx F. Ref-
erence values for an index of fetal aortic isth-
mus blood flow during the second half of
pregnancy. Ultrasound Obstet Gynecol 2003;
21:441–4.
11. Del Río M, Martínez JM, Figueras F, et al.
Reference ranges for Doppler parameters of
the fetal aortic isthmus during the second half
of pregnancy. Ultrasound Obstet Gynecol
2006;28:71–6.
12. G�amez F, Rodríguez MJ, Tenías JM, et al.
Reference ranges for the pulsatility index of the
fetal aortic isthmus in singleton and twin preg-
nancies. J Ultrasound Med 2015;34:577–84.
13. Fouron JC, Gosselin J, Raboisson MJ,
et al. The relationship between an aortic isth-
mus blood flow velocity index and the postnatal
neurodevelopmental status of fetuses with pla-
cental circulatory insufficiency. Am J Obstet
Gynecol 2005;192:497–503.
14. Figueras F, Benavides A, Del Rio M, et al.
Monitoring of fetuses with intrauterine growth
restriction: longitudinal changes in ductus veno-
sus and aortic isthmus flow. Ultrasound Obstet
Gynecol 2009;33:39–43.
15. Thanasuan S, Phithakwatchara N, Nawa-
pan K. Reference values for fetal aortic isthmus
blood flow parameters at 24 to 38weeks’ ges-
tation. Prenat Diagn 2014;34:241–5.
16. Rizzo G, Capponi A, Vendola M, Pietro-
lucci ME, Arduini D. Relationship between aor-
tic isthmus and ductus venosus velocity
waveforms in severe growth restricted fetuses.
Prenat Diagn 2008;28:1042–7.
17. ACOG Committee on Obstetric Practice.
ACOG committee opinion no. 348, November
2006: umbilical cord blood gas and acid-base
analysis. Obstet Gynecol 2006;108:1319–22.
18. Cruz-Martinez R, Tenorio V, Padilla N, Crispi
F, Figueras F, Gratacos E. Risk of ultrasound-
detected neonatal brain abnormalities in intrauter-
ine growth-restricted fetuses born between 28
and 34 weeks’ gestation: relationship with gesta-
tional age at birth and fetal Doppler parameters.
Ultrasound Obstet Gynecol 2015;46:452–9.
19. Rizzo G, Capponi A, Vendola M, Pietrolucci
ME, Arduini D. Use of the 3-vessel view to record
Doppler velocity waveforms from the aortic isth-
mus in normally grown and growth-restricted
fetuses: comparison with the long aortic arch
view. J Ultrasound Med 2008;27:1617–22.
20. Hecher K, Snijders R, Campbell S, Nico-
laides K. Fetal venous, arterial, and intracardiac
blood flows in red blood cell isoimmunization.
Obstet Gynecol 1995;85:122–8.
21. M€akikallio K. Is it time to add aortic isthmus
evaluation to the repertoire of Doppler investi-
gations for placental insufficiency? Ultrasound
Obstet Gynecol 2008;31:6–9.
22. Ferraz MM, Ara�ujo FDV, Carvalho PRN, S�a
RAM. Aortic Isthmus Doppler Velocimetry in
Fetuses with Intrauterine Growth Restriction: A
Literature Review. Rev Bras Ginecol Obstet
2020;42:289−96. English. doi: 10.1055/s-
0040-1710301. Epub 2020 May 29. Erratum
in: Rev Bras Ginecol Obstet. 2020 Aug 26;
PMID: 32483809.
23. Cruz-Martinez R, Figueras F, Benavides-
Serralde A, Crispi F, Hernandez-Andrade E,
Gratacos E. Sequence of changes in myocar-
dial performance index in relation to aortic isth-
mus and ductus venosus Doppler in fetuses
with early-onset intrauterine growth restriction.
Ultrasound Obstet Gynecol 2011;38:179–84.
24. Unterscheider J, Daly S, Geary MP, et al.
Predictable progressive Doppler deterioration
in IUGR: does it really exist? Am J Obstet Gyne-
col 2013;209(539):e1−7.
25. Esercan A, Karakuş R, Seval A, €Ozg€u
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